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(57) Abstract: Methods for the preparation of substantially purified populations of dendritic cells and monocytes from the peripheral 
blood of a mammal is described. Also described are vaccine compositions and methods for the treatment of certain diseases and 
medical conditions based on the substantially purified dendritic cells and monocytes. 
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Government Sponsored Research and Development 

The U.S. Government may have a paid-up license in this invention and the 
right in limited circumstances to require the patent owner to license others on 
reasonable terms as provided for by the terms of Grant No. 5 P01 HL29583 awarded 
by the National Institutes of Health, and Grant No. DAMD17 awarded by the U.S. 
Department of Defense. 

Background of the Invention 

This invention relates to substantially pure, isolated populations of 
monocytes and dendritic cells, methods of obtaining such purified cell populations, 
the use of such purified cells for immune and cancer therapy, transplant rejection 
and T-cell suppression or anergy (immunotolerance), the preparation of vaccines 
against immune diseases and cancer, the activation of dendritic cells by, for instance, 
ligation with a CDS 8 fusion protein, and for stimulating the production of EL- 12 in 
vivo without the systemic use of a cytokine. 

Dendritic cells are antigen-presenting cells found in all tissues and organs, 
including the blood. Specifically, dendritic cells present antigens for T lymphocytes, 
i.e., they process and present antigens, and stimulate responses from naive and 
memory T cells. In addition to their role in antigen presentation, dendritic cells 
directly communicate with non-lymph tissue and survey non-lymph tissue for an 
injury signal (e.g., ischemia, infection, or inflammation) or tumor growth. Once 
signaled, dendritic cells initiate the immune response by releasing IL- 1 , TNFa, and 
various other inflammatory cytokines which trigger lymphocytes and myeloid cells . 
Various immunodeficiencies, e.g., towards tumors, are thought to result from the 
loss of dendritic cell function. 
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Monocytes may also be involved in T-cell suppression and autoimmune 
diseases. These cells may play a role in blocking transplant rejection by suppressing 
T-cell and B-cell activation, thus preventing T-cell or antibody cytopathetic effects. 

Accordingly, it would be desirable to obtain substantially pure populations of 
5 non-cytokine treated monocytes and dendritic cells in order to exploit the role of 
these cells in immunotherapy, cancer therapy and T-cell suppression. The isolation 
of these cells is difficult, however, due to the low frequency of occurrence of the 
cells in the circulating white cell population of the mammal, and because of the lack 
of a surface marker expressed by fresh and cultured dendritic cells to distinguish 

10 them from monocytes. 

Conventional methods for cell isolation which enrich subpopulations of cell 
mixtures include, e.g. density gradient separation, fluorescence activated cell 
sorting, immunological cell separation techniques such as panning, complement 
lysis, resetting, magnetic cell separation techniques, and nylon wool separation. 

15 Different patterns of expression of cell surface antigens have been used in some 
cases to identify different cell types. Certain disadvantages of many of these 
reported methods are that they can be time-consuming, labor-intensive, costly, 
require large amounts of reagent, result in low specificity, low sensitivity, 
contaminated mixtures, poor and/or inaccurate separation, and the loss of desired 

20 cells. Certain other methods, such as the treatment of the cell population with 
cytokines, can change the properties, functions, or viability of the desired cells. 
Thus, prior methods generally are inefficient, time-consuming, expensive, and do 
not optimize for pure populations. 

Commonly assigned U.S. Patent No. 6,194,204 discloses that although both 

25 dendritic cells and monocytes express roughly the same levels of CD 14, CD-2 is an 
effective marker for dendritic cells and can be used to separate dendritic cells and 
monocytes in mixed cell populations. This patent also discloses that a vaccine for 
treating cancer can be prepared from dendritic cells which express CD 14 9 preferably 
treated with or induced to express cancer-specific antigen to stimulate host cell 

30 immunity to the cancer upon administration. 
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Accordingly, it is an objective of this invention to provided substantially 
pure, isolated populations of dendritic cells and monocytes, and methods for 
preparing such substantially pure populations. 

It is another objective of this invention to provide vaccines for use against a 
5 wide variety of diseases, such as cancer or AIDS, and to provide therapeutic 

formulations for the suppression of T-cell activity for the treatment of autoimmune 
disease or in the treatment of organ transplant rejection. 

It is a further objective to treat a mammal having cancer or an immune 
disease, or to treat a mammal to prevent organ or tissue rejection. 
10 It is a still further objective of this invention to provide a method for 

stimulating IL-12 activity in vivo in a mammal at targeted tissues and organs. 

It is an additional objective of this invention to provide therapies for the 
treatment of autoimmune diseases. 

15 Summary of the Invention 

According to the invention, a method for preparing substantially pure 
populations of dendritic cells or moncytes is provided. The method of this invention 
involves treating a biological fluid containing a mixed population of dendritic cells 

20 and monocyte cells, such blood or tissue, i.e. as the peripheral blood of a mammal, 
and separating the dendritic cells from the remaining cell population. The biological 
fluid can contain components other than dendritic and monocyte cells typically 
found in mammalian peripheral blood, such as disclosed in U.S. Patent No. 
6,194,204, the pertinent disclosure of which is incorporated herein by reference 

25 thereto. These other cell components include, without limitation, lymphocytes, T 
cells, NK cells, and B cells. 

There are several methods which aloow the enrichment of myeloid cells from 
blood. Starting with the peripheral blood or tissue of a mammal, the mononuclear 
cells can be separated from the peripheral blood into a first cell population having 

30 substantially lymphocytes, e.g., T cells, NK cells, B cells or mixtures thereof, and a 
second cell population having an enriched population of substantially myeloid cells. 
These myeloid cells can then be separated into a third cell population having 
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substantially pure monocytes and a fourth cell population of substantially pure 
dendritic cells. 

In certain embodiments, the separation of the mononuclear cells into a first 
cell population having substantially lymphocyte cells and a second cell population 
having substantially myeloid cells comprises contacting the mononuclear cells with 
antibodies against the lymphocytes so as to form an antibody-lymphocyte complex, 
and selectively separating the antibody-lymphocyte complex from the myeloid cells. 
The antibodies used can be, e.g., monoclonal antibodies, directed against one or 
more antigens which are expressed by one or more of the lymphocytes. For example, 
T cell antibodies include anti-CD3 antibodies, anti-CD8 antibodies, and mixtures 
thereof; NK cell antibodies include, e.g., anti-CD 16/5 6 antibodies; and B cell 
antibodies include, e.g., anti-CD19 and anti-CD20 antibodies. 

In certain embodiments, the antibody-lymphocyte complex that is formed is 
selectively separated from the myeloid cells by contacting the antibody-lymphocyte 
complex and the myeloid cells with a matrix such that the antibody-lymphocyte 
complex is substantially retained by the matrix, e.g., greater than 20%, 40%, 60%, 
80%, 90%, 95%, 98%, or 99% retained, and the myeloid cells are substantially not 
retained by the matrix, e.g., greater than 20%, 40%, 60%, 80%, 90%, 95%, 98%, or 
99% not retained. 

Preferably, the antibody-lymphocyte complex further comprises magnetic 
beads, e.g., superparamagnetic microparticles. The magnetic beads can be attached, 
e.g., to the antibody, to the lymphocyte or to both. In embodiments in which the 
antibody-lymphocyte complex has magnetic beads, separation of such a complex 
from the myeloid cells preferably comprises contacting the myeloid cells and the 
complex with a magnetic matrix, e.g., magnetized steel wool, such that the antibody- 
lymphocyte complex having the magnetic beads is substantially retained by the 
magnetic matrix and the myeloid cells are substantially not retained by the magnetic 
matrix. 

A variation of this method involves the use of fluorochromic agents attached 
to anti-CD2 antibodies to enable the flow cytometer to sort on the basis of size, 
granularity and fluorescent light. Thus, the flow cytometer can be configured to 
provide information about the relative size (forward scatter or "FSC") , graulatrity or 



WO 2004/066942 



PCT/US2004/002200 



internal complexity (side scatter or "SSC") 5 and relative fluorescent intensity of the 
cell sample. The fluorescent light sorts on the basis of CD2-expressing dendritic 
cells, enabling the cytometer to identify and enrich for dendritic cells and/or 
monocytes. 

5 Another variation of this method involves separating the mononuclear cells 

into a first cell population having substantially lymphocytes and a second cell 
population having substantially myeloid cells by centrifugation. 

In other embodiments, the dendritic cells can be directly selected from large 
populations of myeloid cells. This method can employ stem cell technology, or a 

10 solid phase method of enriching dendritic cells, using any agent that binds to CD2. 
The anti-CD2 complex can then be separated from the remaining cell components. 

In certain embodiments, the separation of the myeloid cells into a third cell 
population having substantially monocytes and a fourth cell population having 
substantially dendritic cells comprises contacting the myeloid cells with antibodies 

15 against the dendritic cells so as to form an antibody-dendritic cell complex, and 

selectively separating the antibody- dendritic cell complex from the monocytes. The 
antibodies used, e.g., monoclonal antibodies, are directed against one or more 
antigens which are expressed by the dendritic cells, e.g, anti-CD2 antibodies. 
Suitable anti-CD2 antibodies include anti-Tl li, anti-Tl 1 23 and anti-Tll 3 antibodies. 

20 The antibody-dendritic cell complex can further comprises magnetic beads. 

In this embodiment, separation of the antibody-dendritic complex from the 
monocytes preferably comprises contacting the monocytes and the antibody- 
dendritic cell complex having the magnetic beads with a magnetic matrix such that 
the antibody-dendritic cell complex having the magnetic beads is substantially 

25 retained by the magnetic matrix and the monocytes are substantially not retained by 
the magnetic matrix. 

The retained antibody-dendritic cell complex can then be eluted from the 
matrix, e.g., b}' demagnetizing the matrix, e.g., by removing the matrix from the 
magnetic field, 

30 Preferably, the dendritic cells in the fourth cell population are greater than 

about 60%, 70%, 80%, 90%, 95% 98%, or 99% pure. Preferably, the monocytes in 
the third cell population are greater than about 60%, 70%, 80%, 90%, 95%, 98%, or 
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99%%pure. Preferably, the monocytes in the third cell population and/or the 
dendritic cells in the fourth cell population are not activated as defined more 
particularly herein. 

Another aspect of the invention is a method for the enrichment of dendritic 
5 cells from the peripheral blood of a mammal comprising selecting cells from the 
peripheral blood which express antigen CD2 and which also express antigen CD14. 

The invention also includes a method for the enrichment of dendritic cells 
from the tissue of a mammal. Tissue having mononuclear cells from a mammal is 
provided. The mononuclear cells are separated from the tissue into a first cell 

10 population having substantially lymphocytes and a second cell population having 
substantially myeloid cells. The myeloid cells are separated into a third cell 
population having substantially monocytes and a fourth cell population having 
substantially dendritic cells. 

Another aspect of the invention is a substantially purified population of 

15 mammalian dendritic cells that express antigen CD14 and antigen CD2. The 
dendritic cells can be activated by contact with an anti-CD2 antibody or CDS 8 
fusion protein. By "substantially purified" is generally meant a population of cells 
greater than about 80% pure, more preferably greater than about 90% pure, and most 
preferably at least about 98% or 99% pure. The dendritic cells can be activated by 

20 contact with one or more anti-CD2 antibody. Such activated dendritic cells can be 
useful in the treatment of cancer, or any other disease that utilizes dendritic cells as 
an active component. 

Accordingly, this invention also includes vaccines for treating mammals to 
prevent various disease states, such as cancers, inflammatory diseases and 

25 autoimmune diseases. Such a vaccine comprises a formulation including a 

therapeutically effective amount of substantially purified dendritic cells wherein said 
dendritic cells express antigen CD 14 and antigen CD2. The formulation can also 
include various adjuvents and pharmaceutical ly acceptable carriers compatible with 
the dendritic cell formulation. The dendritic cells can be treated with disease- 

30 specific antigens, or fused with, for instance, cancer cells, for stimulating host 
immunity, for enhancing overall effectiveness, for targeting specific tissues or 
organs, and for predicting immune responsiveness. The dendritic cells are preferably 
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activated by ligation with at least one anti-CD2 antibody in order to stimulate the 
production of IL-12 in vivo in the mammal. 

A further aspect of this invention relates to a substantially purified 
population of monocytes that express antigen CD 14 but not antigen CD2. This 

5 substantially pure populatoin of monocytes can be obtained by separating the 

dendritic cells from a mixed population of dendritic cells and monocytes using the 
methods described above. The substantially pure monocytes can be formulated into 
therapeutic formulations for use in preventing organ transplant rejection, and for 
suppressing acitivated T cells. Suitable organ transplant procedures involve the 

10 kidney, liver, heart and lung. 

This invention also includes a method for stimulating the production of IL- 
12 in vivo in a mammal comprising administering a population of substantially 
purified dendritic cells to the mammal. The substantially purified dendritic cells 
express CD 14 and CD2 antigens, and said cells are preferably activated by ligation 

15 with at least one anti-CD2 antibody. 

The various features and advantages of the present invention will be better 
understood from the following specification when read in conjunction with the 
accompanying drawings. 

20 Brief Description of the Drawings 

FIGS. 1 A-E are graphs illustrating the phenotypic (1A-D) and functional 
mapping (IE) of the CD2 antigen on primary dendritic cells (pDC). CD14 + 
monocytes were enriched from peripheral blood mononuclear cells by negative- 

25 selection and were shown to be negative for CD3 + T cells or CD56" 1 * NK cells. 

Greater than 95% of the monocytes were CD14 + (1A-D). Of the CD14 + population, 
30% and 37% stained positive with the anti-Til i (1A) or anti-Tll 2 (IB) monoclonal 
antibodies, respectively. In contrast, anti-Tl 1 3 antibody did not identify the CD2 
antigen on the enriched monocytes (1C). However, when the CD14 + population was 

30 incubated with the anti-Tl 1 2 monclonal antibody for 30 minutes, and subsequently 
stained with anti-Tl 1 3 monclonal antibody, 20% of the monocytes were CD2 + (ID). 
CD14 + myeloid (A) and CD3 + T cells (o) were incubated sequentially with anti- 
Tl 1 2 , anti-Tl 1 3 and goat anti mouse monoclonal antibodies (2E), and changes in 
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intracellular Ca2 + were measured. Time (1) represents the addition of Tl I2, (2) the 
addition of Tl 1 3 , (3) the addition of goat anti-mouse IgG, and (4) the addition of 
A23187 Ca 2+ ionophore. The results are representative of 3 experiments. 

5 FIGS. 2A-D are graphs and plots that illustrate the induction of class II 

antigens of primary dendritic cells detected by immunofluorescence and molecular 
analysis after CD2 ligation. CD14 + monocytes were precultured for 36 hours in 10% 
PHS, followed by anti-Tl I2 enrichment of the primary dendritic cells. The enriched 
primary dendritic cells were resuspended in fresh 1 0% PHS at a final concentration 

10 of 10 6 cells/ml for 12 additional hours in the presence an irrelevant antibody control 
(2A), or anti-Tl I3 antibody (2B, 2C). Two-color analysis of each dendritic cell 
sample was performed with anti-HLA-DR and anti-HLA-DQ monoclonal 
antibodies. The quadrant boundaries were set using isotype controls (2A). RT-PCR 
(2D) was used to assess HLA-DP, HLA-DM, and (3-actin gene expression of 

15 primary dendritic cells that were cultured in the presence of either anti-Tl 1 2 and 
irrelevant antibody control or anti-Tl I2 and anti-Tl I3 monoclonal antibodies. The 
results are representative of 3 or more studies. 

FIGS 3A-C are graphs that illustrate the phenotypic characteristics of mature 
20 primary dendritic cells, primary monocytes, and monocyte-derived dendritic ceils. 
CD14 + monocytes were cultured in 10% PHS for 5 days, separated into mature 
primary dendritic cells and monocytes, and analyzed by-flow cytometry (3 A) for 
MHC class II costimulatory and adhesion 

molecules. Analysis of the same surface antigens on GM-CSF/IL-4-generated 
25 moncyte-derived dendritic cells (3B) was also performed. Primary dendritic cells 
and monocytes were recultured for 24 hours in fresh media, and the surface 
expression of the above molecules was reassessed (3C). Dot plots were divided into 
upper and lower regions, which represent high and low MFI populations . Results are 
representative of data from more than 3 experiments. 

30 

FIGs. 4A-4C is a series of graphs that illustrate the maturation and activation 
of mature primary dendritic cells after CD2 ligation. Primary dendritic cells were 
isolated and cultured for 24 hours in the presence of irrelevant antibody control, or 

-8- 
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anti-Tl l 2 /3 monoclonal antibody pair (A&B), or anti-Tl 1 1/2, anti-Tl l 2 /3, or anti- 
TII1/3 monoclonal antibody pairs (C). Cultures were harvested and stained as 
previously described in FIG. 3C. The data shown are similar to those of 3 other 
experiments. 

5 

FIGS. 5A-B are line graphs illustrating that CD2 ligation induces IL-ip and 
IL-12 cytokine production by primary dendritic cells. Primary dendritic cells (5 A) 
and monocyte derived dendritic cells (5B) were cultured in the presence [A (IL-12) 
and ■ (IL-1P)] or absence [♦ (IL-12) and * (IL-10)] of anti-CD2 (T-llj) monoclonal 
10 antibodies for 24 hours. The supernatants were assayed for IL-ip and IL-12 by 
ELIS A. The result is typical of 3 similar experiments. 



FIGS. 6A-H are graphs illustrating that CD58-transfected CHO cells induce 
primary dendritic cell specific increases in class II expression and IL-ip and IL-12 

15 production. Primary dendritic cells (6A-C) and primary monocytes (6D-F) were 
cultured overnight in the presence of CHO-NEO (6B and 6E) or CHO-58 (6C and 
F). These samples were assessed by immunofluorescence analysis for the expression 
of HLA-DR, and the results were compared to isotype controls (6A and 6D). The 
supernatants from primary dendritic cells (black column) and primary monocytes 

20 (white column) cocultured in either CHO-NEO or CHO-58 were harvested, and IL- 
ip (6G) and IL-12 (6H) levels were measured. The results are representative of at 
least 3 experiments. 

FIG. 7 is a bar graph illustrating the effects of anti-CD2 monoclonal 
25 antibodies on primary dendritic cell-induced allogenic naive CD4 T cell activation. 
Primary dendritic cells and primary monocytes were cultured at 4°C in the presence 
of anti-Tl h or anti-Tl In monoclonal antibodies. After 30 minutes, preparations 
were washed 3 times and resuspended in culture medium. These anti-CD2-pulsed 
primary dendritic cells (10 4 ) and monocytes (10 4 ) were separately cocultured with 
30 naive CD4 T cells (10 5 ) and their ability to induce allogeneic naive CD4 T cells to 
proliferate was assessed. Results are expressed as mean tritiated thymidine 



WO 2004/066942 



PCT/US2004/002200 



incorporation +_1 standard deviation, and are typical of data obtained from two 
similar experiments. 

Detailed Description of the Invention 

5 

This invention provides substantially pure populations of monocytes and 
dendritic cells, and methods for preparing such substantially pure cell populations. 
Also provided are treatment methods employing such purified cell populations to 
treat disease states and medical conditions, such as for treating cancer, inflammatory 

10 diseases, transplant rejections and autoimmune diseases. This invention further 
provides for the stimulation of IL-12 production using such substantially purified 
cell populations. 

By "peripheral blood", as used herein, is meant blood found in the 
circulation vasculature of a mammal. The peripheral blood can be obtained from any 

15 mammal. 

A "mammal", as used herein, includes humans as well as non-human 
mammals. Preferred non-human mammals include primates, pigs, rodents, rabbits, 
canines, felines, sheep horses, and goats. Veterinaiy applications are within the 
scope of the present application. 
20 Mammalian whole blood contains red blood cells and leukocytes. The red 

blood cells can be separated from the whole blood by any suitable method, such as 

i 

lysis, positive selection or density segmentation. The remaining leukocytes 
population contains lymphocytes, myeloid cells and neutrophils. With the use of 
flow cytometry, or other suitable methods of comparing the relative size and 

25 granularity of the cells, these cell populations can be identified. 

Mononuclear cells can be separated from the peripheral blood by any method 
known to those skilled in the art. Preferably, the method used does not affect cell 
function or viability. An example is the use of centrifugation, e.g., density gradient 
centrifugation, e.g., discontinuous density gradient centrifugation. Alternatively or in 

30 addition,, monoclonal antibodies can be used. Starting material can also be 
mononuclear cells from peripheral blood or myeloid cells, rather than whole 
peripheral blood. 
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Mononuclear cells can be separated into a first cell population having 
substantially lymphocytes and a second cell population having substantially myeloid 
cells. The term "lymphocytes" includes, e.g. T cells, NK cells, B cells and mixtures 
thereof. By a cell population having "substantially lymphocytes" is meant that the 
5 cell population has greater than about 20% lymphocytes, preferably greater than 
60%, and most preferably at least about 98%, or 99% lymphocytes. "Myeloid cells" 
are meant to include monocytes and dendritic cells. Monocytes are also meant to 
include macrophages. It is known that monocytes circulate in the peripheral blood, 
and when they migrate to the tissue, they are called macrophages. This lineage of 
10 cells is commonly known as the monocyte/macrophage lineage. Myeloid cells are 
generally CD 14+, CD33+ and CD 13+. By a cell population having "substantially 
myeloid cells" is meant that the cell population has greater than about 20% 
lymphocytes, preferably greater than 60%, and most preferably at least about 98%, 
or 99% lymphocytes. 

15 The separation of the mononuclear cells into a first cell population having 

substantially lymphocytes and a second cell population having substantially myeloid 
cells can be performed by contacting the mononuclear cells with antibodies against 
the lymphocytes so as to form an antibody-lymphocyte complex, and selectively 
separating the antibody-lymphocyte complex from the myeloid cells. One or more 

20 than one type of antibody can be used for the separation of 

the mononuclear cells. The contacting and the selectively separating steps can be 
repeated, and can involve using the same type of antibody or antibodies against the 
lymphocytes, or a different type of antibody or antibodies against the lymphocytes. 
Polyclonal and/or monoclonal antibodies can be used in this invention. 

25 Antibodies against the lymphocytes include, e.g., T cell antibodies, NK cell 
antibodies, B cell antibodies, or mixtures thereof. The antibodies used can be 
directed against one or more antigens which are expressed by one or more of the 
lymphocytes. 

The T cell antibodies can be anti-CD3 antibodies. T cells express the CD3 
30 surface molecule. CD3 is described in Barclay et ah ("The Leukocyte Antigen Facts 
Book", Academic Press Limited (1993), pp. 106-109). Anti-CD3 antibodies can be 
obtained from Becton Dickinson Immunocytometry Systems, San Jose, Calif., or 
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Coulter Corp., Miami, Fla. Other T cell antibodies that can be used include, e.g. anti- 
CD8 antibodies. CD8 is also described in Barclay et ah (Id. at pages 118-119). Anti- 
CD8 antibodies can be obtained from Becton Dickinson Immunocytometry Systems 
or Coulter Corp. CD8 is expressed by about 40% of the T-lymphocyte population. 
5 Therefore, using, e.g. anti-CD8 antibodies may not result in the separation of the 
entire T cell population from the myeloid cells. There are, however, certain 
situations in which it might be desirable to use anti-CD8 antibodies. For example, 
CD8+ T lymphocytes represent a cytotoxic T-lymphocyte population. This 
population selectively targets and kills cells which are exposed to pathogen-specific 

10 antigens used in the production of pathogen-specific cytotoxic T cell lysis 
(intracellular pathogens). 

The NK cell antibodies can be anti-CD 16/5 6. CD 16/5 6 refers to CD 16 and 
CD56; they are not the same antigen, but are both expressed by NK cells (CD8+ T 
lymphocytes also express CD 16). Anti-CD 16/56 antibodies can be obtained from 

1 5 Becton Dickinson Immunocytometry 

Systems or Coulter Corp. The NK cell antibodies can be anti-CD8. Not all NK cells 
express CD8, and therefore using anti-CD8 antibodies may not result in the 
separation of the entire NK cell population from the myeloid cells. 

The B cell antibodies can be anti-CD 19 and/or anti-CD20 antibodies. CD 19 

20 and CD20 are expressed by resting and activated B lymphocytes. CD 19 and CD20 
are described in Barclay et al. (Id. at pages 142-143 and 144-145, respectively). 
Anti-CD 19 and anti-CD20 antibodies can be obtained from Becton Dickinson 
Immunocytometry Systems or Coulter Corp. 

The antibody-lymphocyte complex that is formed can be selectively 

25 separated from the 

myeloid cells. This separation can include contacting the antibodj'-lymphocyte 
complex and the myeloid cells with a matrix such that the antibody-lymphocyte 
complex is substantial ly retained by the matrix, and the myeloid cells are 
substantially not retained by the matrix. Any matrix known in the art to be suitable 

30 for such separation can be used. A matrix that may be useful is a mesh of steel wool 
that is inserted into a plastic column and placed in a magnetic field. A cell magnetic 
bead complex passes into the matrix and remains in the matrix as long as the column 
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stays within the magnetic field. Examples of matrices include depletion columns 
type BS, type CS, type D RS+, and MS+ used for Mini Mags separation. Such 
columns can be obtained from, e.g. Miltenyi Biotec, Auburn, Calif. The matrix can 
be provided in a column or in any way known to those skilled in the art, e.g. in a gel, 

5 on a filter, on a plate, on film or on paper. 

By the complex being substantially retained by the matrix is meant that greater than 
about 20% of the complex is retained, e.g. about 40% 60% 80% 95% or 98% is 
retained. By the myeloid cells being substantially not retained by the matrix is meant 
that greater than about 20% of the myeloid cells are not retained, e.g. about 40% 

10 60% 80% 95% or 98% are not retained. 

The antibody-lymphocyte complex can also include magnetic beads, e.g., 
superparamagnetic microparticles. Tetramer selection, non-magnetic particles, 
density gradient methods, and elutrication can also be used. A typical tetramer is the 
RosetteSep myeloid (CD33+) enrichment cocktail manufactured by StemCell 

15 Technologies, Inc. of Vancouver, British Columbia, Canada. Any type of magnetic 
beads known to those of skill in the art can also be used. Magnetic beads can be 
attached, e.g. to the antibody and/or to the lymphocyte. Such attached antibodies can 
be obtained, e.g. from Miltenyi Biotec, Auburn, Calif (as MACS superparamagnetic 
microbeads conjugated with monoclonal antibodies), or from Dynat Corp., Lake 

20 Success, N.Y. (as detachable or non-detachable large magnetic beads). See also 
Miltenyi et al., Cytometty 1 1:231-238 (1990). Large magnetic beads (obtainable 
from Dynal Corp.), can be used for the removal of lymphocytes. Smaller beads 
(obtainable from Miltenyi Biotec), can be used for the enrichment of the dendritic 
cells. Magnetic beads can be attached prior to the formation of the antibody- 

25 lymphocyte complex, or subsequent to the formation of the complex. 

Where the antibody-lymphocyte complex includes magnetic beads, 
separation of such a complex from the myeloid cells can include contacting the 
myeloid cells and the complex with a magnetic matrix such that the antibody- 
lymphocyte complex having the magnetic beads is substantially retained by the 

30 magnetic matrix and the myeloid cells are substantially not retained by the magnetic 
matrix. An example of a magnetic matrix is magnetized steel wool. Steel wool can 
be obtained from Miltenyi Biotec. The steel wool can be magnetized by, e.g. 
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introducing it into a magnetic field, e.g. 0.6 Tesla, though other strength magnetic 
fields can also be used as 

known to those skilled in the art. The magnetic field can be produced, e.g. with a 
commercial electromagnet. 

5 Antibodies to the T cells, NK cells and B cells can be contacted with the 

mononuclear cells prior to selectively separating the resulting antibody-lymphocyte 
complexes from the myeloid cells. Alternatively, antibodies to only one type of 
lymphocyte cell can be added (e.g. T cells), and the resulting antibody-lymphocyte 
complex can be separated from the remaining cells. Antibodies to one of the 

10 remaining types of lymphocytes (e.g. NK cells) can then be 

added to the remaining cells from the above procedure, and the resulting antibody- 
lymphocyte complex can be separated from these remaining cells. Finally, 
antibodies to the remaining type of lymphocyte (e.g. B cells) can then be added to 
this second batch of remaining cells, and the resulting antibody-lymphocyte complex 

15 can be separated from these remaining cells (predominantly the myeloid cells). 

The separation of mononuclear cells into a first cell population having 
substantially lymphocytes and a second cell population having substantially myeloid 
cells, can also be carried out by centrifugation. The centrifugation can be, e.g., 
density gradient centrifugation. For example, metrizamide 14.5% (obtained from 

20 Sigma Chemical Co., St. Louis, Mo.) or Monocyte 1 step (which is a pre-made 

discontinuous gradient which separates lymphocytes from myeloid cells, obtained 
from Accurate Chemical and Scientific Corp., Westbury, N.Y.), can be used. 
Centrifugation procedures are most useful if there are initially a large number of 
PBMCs, e.g. about 109. 

25 The separation of the mononuclear cells into a third cell population having 

substantially monocytes and a fourth cell population having substantially dendritic 
cells can be performed by contacting the myeloid cells with antibodies against the 
dendritic cells so as to form an antibody-dendritic cell complex, and selectively 
separating the antibody-dendritic cell complex from the monocytes. The selectively 

30 separating steps can be repeated, e.g. using the same type of antibody or antibodies, 
or a different type of antibody or antibodies against the dendritic cells. 
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Monoclonal antibodies can be used for the separation of monocytes and 
dendritic cells, as described in further detail below. The antibodies can be directed 
against one or more antigens that are expressed by the dendritic cells, e.g., anti-CD2 
antibodies and/or anti-CD5 antibodies. Use of anti-CD2 antibodies is particularly 

5 beneficial because they stain greater than 95% of the dendritic cells and do not 
modulate down in culture. CD2 and CDS are described in Barclay et 
al. {Id. at pages 104-105 and 112-113, respectively). Anti-CD2 antibodies can be 
obtained from Coulter Corp. Anti-CD5 antibodies can be obtained from Becton 
Dickinson Immunocytometry Systems or Coulter Corp. 

10 Prior to contacting the myeloid cells with antibodies, the myeloid cells can 

be cultured, e.g. for about 12 hours to about 36 hours, in about 5% to about 10% 
pooled mammal specific serum. For example, pooled human serum can be used if 
the isolation is from human peripheral blood, and pooled pig serum can be used if 
the isolation is from pig peripheral blood. After such culturing, antibodies, e.g., anti- 

15 CD83 antibodies, can be used so as to form an antibody-dendritic cell complex. 

(CD83 is described in Zhou et al., J. Immunol. 154: 3821-3835 (1995); Crawford et 
aL, Blood 80(10) Supplement 1:192a (1992)). Anti-CD83 antibodies can be isolated 
as described in Zhou et aL, J. Immunol 149:735 (1992). The dendritic cells that are 
isolated in this embodiment can be phenotypically CD 14". 

20 An antibody-dendritic cell complex that is formed, e.g., as a result of using 

any of the antibodies described herein, can be selectively separated from the 
monocytes. The separation can include contacting the antibody-dendritic cell 
complex and the monocytes with a matrix such that the antibody-dendritic cell 
complex is substantially retained by the matrix and the monocytes are substantially 

25 not retained by the matrix. The retained antibody-dendritic cell complex can then be 
eluted from the matrix. 

The antibody-dendritic cell complex can include magnetic beads, as 
described above. Where this is the case, separation of the antibody-dendritic 
complex from the monocytes can include contacting the monocytes and antibody- 

30 dendritic cell complex having the magnetic beads with a magnetic matrix such that 
the antibody-dendritic cell complex having the magnetic beads is substantially 
retained by the magnetic matrix and the monocytes are substantially not retained by 
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the magnetic matrix. A retained antibody-dendritic cell complex can be eluted from 
the matrix, e.g., by demagnetizing the matrix, e.g., by removing the matrix from the 
magnetic field. This method allows the preparation of either a substantially purified 
subculture of monocytes, or a substantially purified subculture of dendritic cells. 
5 The dendritic cells in the fourth cell population can be greater than about 

60% pure, e.g., 70%, 80%, 90%, 95%, 98%, 99%, or greater than 99% pure. The 
dendritic cells in the fourth cell population can be substantially activated or 
unactivated. The dendritic cells can be activated by, e.g. culturing the dendritic cells 
with, for instance, an anti-CD2 antibody, such as anti-Tlli, anti-Til 2, and anti-Tll 3 
10 antibodies, or LFA-3 (CD58) ligand. 

The monocytes in the third cell population can be greater than about 70% 
pure, e.g., 70%, 

80%, 90%, 95%, 98%, 99%, or greater than 99% pure. The monocytes in the third 
cell population can be substantially activated or unactivated. An advantage of the 

15 present invention is that it can produce monocytes which are unactivated. Other 
monocyte isolation procedures which use plastic adherence are known to rapidly 
induce monocyte activation. See Triglia et al., Blood 65(4):921-928 (1985). 
Substantially pure cultures of monocytes can produced by the 
methods of the present invention, and can be useful, e.g. for preventing transplant 

20 rejection in mammals. 

Dendritic cells can be isolated from the peripheral blood of a mammal, for 
example, by selecting cells from the peripheral blood which do not express antigens 
CD3, CD 16/5 6 and CD 19 or CD20, and which do express antigen CD2. Optionally, 
cells which also express, or do not express, antigen CD 14 can be selected. It is 

25 preferred to select the dendritic cells on the basis of CD2 expression. 

Dendritic cells can also be isolated from the tissue of a mammal. Tissue 
having mononuclear cells from a mammal is obtained, and the mononuclear cells are 
separated from the tissue. The mononuclear cells are separated into a first cell 
population having substantially lymphoc}1:es and a second cell population having 

30 substantially myeloid cells. The myeloid cells are further separated into a third cell 
population having substantially monocytes and a fourth cell population having 
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substantially dendritic cells. The tissue can be from any part of the body of the 
mammal that has dendritic cells, e.g., skin or lymph nodes. 

Primary dendritic cells are found in most solid tissues of the body, and 
comprise less than 1 % of the total cell content, while blood dendritic cells may 
5 represent up to 3-4% of the circulating peripheral blood mononuclear cells. The 
separation process described above can result in a substantially purified population 
of mammalian dendritic cells. Histogram analysis of the staining of leukocyte cell 
surface antigens has demonstrated that dendritic cells are CD 14+. By "substantially 
purified population" is meant that greater than about 80% of the cells are dendritic 

10 cells, e.g., 85%, 90%, 95%, 99%, or greater than 99% are dendritic cells. The 
dendritic cells also express antigen CD2. 

Substantially pure dendritic cells are useful for many clinical applications, 
e.g., in adoptive immunotherapy (such as for use in the production of pathogen 
specific CTL production or in antigen specific T helper cell production), or for 

15 vaccine-therapy (such as antigen pulsed dendritic cells reinjected into the patient), or 
for enhanced graft acceptance and monocyte suppression. The substantially pure 
dendritic cells are also useful in studies evaluating blood dendritic cell maturation 
and development; elucidation of CD2-LFA-3 signal transduction pathways; studies 
investigating primary immune response by antigen pulsed blood dendritic cells; 

20 analysis of tumor immunity by tumor-antigen exposed blood dendritic cells; studies 
evaluating HTV-1 infectivity by dendritic cells and pathogens; comparisons of 
antigen uptake processing and presentation of dendritic cells, particularly as 
compared to monocytes; and analysis of gene expression in blood dendritic cells. 
The dendritic cell-based compositions of the present invention can also be 

25 used for treating diseases, e.g., cancer and autoimmune diseases. For example, the 
dendritic cells can be treated with a cancer specific antigen so as to stimulate host 
immunity to the cancer when the vaccine composition is administered to a mammal. 
The cancer can be any type of cancer, e.g., a solid tumor, e.g., B-cell lymphoma. 
"Mammal" is meant to include human as well as non-human mammals. "Treating" 

30 is meant to include, e.g., preventing, treating 9 reducing the symptoms of, or curing 
the cancer. The cancer-specific antigen can be any antigen that can be recognized by 
the immune system of the mammal, e.g., a cancer-specific idiotype protein. By 
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"idiotype" is meant antigenic motifs formed by the combination of the variable 
regions of immunoglobulin heavy and light chains. Treatment of the dendritic cells 
with the cancer-specific antigen can be by any method which results in the dendritic 
cells presenting the antigen so as to stimulate host immunity when the vaccine 
5 composition is administered to the mammal, e.g., by pulsing or culturing the 

dendritic cells in the presence of the antigen prior to administration of the vaccine 
composition to the mammal. 

The composition can include any pharmaceutically acceptable carrier known 
in the art. Further, the vaccine composition can include any adjuvant known in the 

10 art, e.g., Freund's complete or incomplete adjuvant. 

By "therapeutically effective amount" is meant that amount which is capable 
of at least partially preventing or reversing the symptoms of the cancer. A 
therapeutically effective amount can be determined on an individual basis and will 
be based, at least in part, on a consideration of the species of mammal, the mammal's 

15 size, the dendritic cells used, the type of delivery system used and the time of 

administration relative to the progression of the cancer. A therapeutically effective 
amount can be determined by one of ordinary skill in the art employing such factors 
and using no more than routine experimentation. 

Dendritic cells can be administered to the mammal by any method which 

20 allows the dendritic cells to reach the appropriate cells. These methods include, e.g., 
injection, infusion, deposition, implantation, oral ingestion, or topical 
administration, or any combination thereof. Injections can be, e.g., intravenous, 
intramuscular, intradermal, subcutaneous or intraperitoneal. Single or multiple doses 
can be administered over a given time period, depending upon the cancer, as can be 

25 determined by one skilled in the art without undue experimentation. The injections 
can be given at multiple locations. Administration of the dendritic cells can be alone 
or in combination with other therapeutic agents. 

The present invention also features substantially pure cultures of hybrid 
dendritic cells and methods of making the same. The term "fused" or "fused 

30 dendritic cell" is used herein to refer to dendritic cells that have been fused with 
another type of cell, e.g., a cancer cell. Like the substantially pure cultures of 
dendritic cells described above, substantially pure cultures of fused dendritic cells 
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have many applications, e.g., in adoptive immunotherapy (such as for use in 
pathogen specific CTL production or in antigen specific T helper cell production), or 
for vaccine-therapy (e.g., vaccines to treat cancer), or for enhanced graft acceptance. 
In treating cancer, for example, dendritic cells can be pulsed with tumor antigens 

5 and administered to a 

patient to treat, e.g., established tumors, or to prevent tumor formation, as discussed 
above. Hybridized dendritic cells can be particularly useful in situations where a 
tumor associated antigen exists but remains unidentified, making it impossible or 
inefficient to pulse or culture the dendritic cells with the antigen. A dendritic cell 

10 that has been fused with the target cancer cell can be administered to the patient, 

wherein the fused dendritic cell will, in its role as an antigen-presenting cell, present 
the antigen to the immune system. Dendritic cells can be fused with other cells, e.g., 
cancer cells, by any method known in the art. For example, methods for fusing 
dendritic cells and B cells with cancer cells, as well as methods for administering 

15 them to animals have been described in Gong et al. (Nat. Med. 3(5):558-561 (1997)) 
and Guo et al. (Science 263: 518-520 (1994)), both references being incorporated 
herein by reference in their entirety. Likewise, the cancer cell can be any type of 
cancer cell to be targeted in a patient, e.g., cancer cells of the breast, liver, skin, 
mouth, pancreas, prostate, urinary tract, e.g., bladder, uterus, ovary, brain, lymph 

20 nodes, respiratory tract, e.g., larynx, esophagus, and lung, gastrointestinal tract, e.g., 
stomach, large and small intestine, colon, or rectum, bone, blood, thyroid, and testes, 
or any cancer cell line known in the art to be suitable for fusing to other cells e.g., 
dendritic cells or B cells. 

The CD2 antigen is a 50-55 kD molecular weight glycoprotein that was 

25 initially identified on T cells and NK cells and has been shown by the present 

inventors to be expressed by circulating dendritic cells. Antibodies to this surface 
antigen react strongly with resting T cells. CD2 is a member of the Ig superfamily, 
and is structurally similar to its principal ligand, LFA-3 (CD58). CD2 and LFA-3 
interact through similar amino terminal ligand-binding regions. The interaction 

30 between CD2 on T cells and CDS 8 on antigen presenting cells is intimately involved 
in T cell-specific antigen recognition. 
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The CD2 surface antigen is divided into three regions reflecting their 
functional relationship. The first region, Tl li, is responsible for adhesion with the 
LFA-3 molecule and sheep erythrocyte binding. The first antibody that was 
produced to this region is anti- Tl li and its clone designation is 3PTH29. The 
5 second region, Tl 12, is an area on the CD2 antigen that does not interact with the 
binding domain but has been demonstrated to play a role in T cell activation in 
conjunction with a second antibody. The first antibody that was produced to this 
region is anti- Til 2, and its clone designation is IOLD24C1. Other anti- Tll 2 clones 
include UMCD2/1E7E8, 0275, 9.6 and 7E10. The crosslinking of the Tll 2 region 

10 with monoclonal antibodies induces unfolding of the CD2 antigen and exposure of a 
cryptic epitope. This cryptic epitope represents a third region, Tl 1 3 or CD2R, and is 
expressed by activated T cells and cell lines, but only after exposure to Tl I2 
monoclonal antibodies (or others with similar traits), which induces a 
conformational change in structure of the CD2 antigen. The first antibody to this 

15 region is anti-Tl and its clone name is 1 mono2A6. Other Tl I3 clones include 
VIT13, G144 and L304. 

Dendritic cells can be activated via CD2 engagement with, e.g., anti-CD2 
antibodies, e.g., Tl 1 1, Tl 1 2 or Tl 1 3 , or CD2 binding fragments thereof, or with LFA- 
3, or CD2 binding fragments thereof. The present invention contemplates the use of 

20 any one, any combination, or all, of these antibodies, antibody fragments, LFA-3 
antigen, or LFA-3 fragments. Optionally, a cross linking antibody e.g., an antibody 
directed against any of the above antibodies, e.g., a goat anti-mouse IgG antibody, 
can be used to cross link any of the above antibodies following binding of the 
antibodies to an epitope on CD2. For example, a cross linking antibody can be used 

25 to cross link an anti- Tl I2 antibody to an anti- Tl I3 antibody, following binding of 
the anti- Tl 1 2 and anti- Tl 1 3 to CD2 on dendritic cells. 

As used herein, the term "activate^) 11 dendritic cell refers to the state 
induced in dendritic cells when the CD2 epitope on the dendritic cell is engaged. 
Activated dendritic cells may demonstrate any or all of the following: an increase in 

30 class II molecule expression; an increase in costimulatory molecule expression, e.g., 
increases in the expression of CD40, CD80, and CD86; an increase in adhesion 
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molecule expression, e.g., CD54, CD58; release of cytokines, e.g., IL-12; and an 
increase in Ca2+ mobilization. 

The present invention contemplates methods for treating certain diseases in a 
mammal in need of such treatment using the substantially purified cells described 

5 herein. The dendritic cells or monocytes can be formulated into vaccine 
compositions comprising a therapeutically effective amount of the cells, a 
pharmaceutical^ acceptable carrier and other ingredients, such as adjuvants, 
Freund's complete or incomplete adjuvant, suitable for formulating such vaccine 
compositions as is known to those skilled in the art. Vaccines containing 

10 substantially purified dendritic cells can be used for the treatment of cancer and 

inflammatory conditions. Vaccines containing substantially pure monocytes can be 
used for preventing transplant rejection. The vaccine is administered to the mammal 
such that treatment of the disease occurs. 

By "therapeutically effective" amount is meant that amount which is capable 

15 of at least partially preventing or reversing the symptoms of the disease. A 

therapeutically effective amount can be determined on an individual basis and vvill 
be based, at least in part, on consideration of the species of the mammal, the size of 
the mammal, the type of cells used, the type of delivery system used, and the type of 
administration relative to the progression of the disease. A therapeutically effective 

20 amount can be determined by one of ordinary skill in the art employing such factors 
and using no more than routine experimentation. 

The vaccine can be administered to the mammal by any method which 
allows the dendritic cells or monocytes to. reach the appropriate cells in the mammal. 
These methods include, without limitation, injection, infusion, deposition, 

25 implantation, oral ingestion or topical administration. Preferably, administration is 
by injection. Injections can be, e.g„ intravenous, intramuscular, intradermal, 
subcutaneous or intraperitoneal. Single or multiple doses can be administered over a 
given time period, depending upon the disease, as can be determined by one skilled 
in the art without undue experimentation. In certain embodiments, the injections can 

30 be given at multiple locations. Administration of the vaccine can be alone or in 
combination with other therapeutic agents. 
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Also contemplated by the present invention is the modification of existing 
dendritic cell-based AIDS and tumor vaccines for increased effectiveness. Such 
vaccines can be phenotypically and functionally modified by activation or 
engagement of the CD2 present on the dendritic cells prior to vaccination of the 
patients. The CD2 activation of the dendritic cells increases the release of IL-12 
without the need for additional cytokines, thereby improving the ability of the 
dendritic cell-based vaccines to promote antigen-specific T cell responsiveness and 
lessening the side effects associated with the systemic use of cytokines to help boost 
immunity. 

Referring now to the accompanying drawings, the presence of CD2 on 
circulating primary dendritic cells has been observed. Thus, whether three distinct 
CD2 epitopes, Tl 1 1, Tl 1 2 , and Tl 1 3 , are present on mature CDI4+ Mx was 
investigated with anti-Til i (Figure 1A), anti-Tll 2 (Figure IB), and anti-Tl 1 3 
(Figure 1C-D) mAbs. Anti-Til i and anti-Tll 2 identified CD2 on 30% and 37% of 
the CD14+ Mx (Figure 1A-B) respectively, while none of the CD 14+ Mx stained 
positive for CD2 with anti-Tl 1 3 . However, when CD 14+ Mx were incubated for 30 
min with anti-Tl 1 2 and subsequently stained with anti- Tl 1 3 , 20% of the CD14+ Mx 
were CD2+. Since these studies were performed at 4°C and in medium that lacked 
Mg 4 ** and Ca"* the conformational change in CD2 that exposes the Tl 1 3 epitope was 
not temperature, Ca** or Mg** dependent. 

Since CD2 ligation induces activation of T and NK cells, [Ca^i 
mobilization was measured as an early intracellular activation event in CD 14+ Mx 
and CD3+ T cells after CD2 ligation with anti-Tl 1 2 and anti-Tl 1 3 mAbs pairs 
(Figure IE). Samples were pulsed with anti-Tl 1 2 [Figure IE (1)], and there was 
virtually no increase in [Ca^i. The subsequent addition of Tll 3 [Figure IE (2)] 
induced a 69% increase in [Ca^Ji in CD 14+ Mx. Further addition of goat anti- 
mouse IgG [Figure 1E(3)] 5 which cross-linked the anti-TIl 2 and anti-Tl 1 3 mAbs 
previously bound to CD2, increased [Ca^i in CD 14+ Mx by 95% above the 
baseline. 

These results are compared to CD3+T cells from the same donor (Figure I 
E). No increase in [Ca^i was seen upon addition of anti-Tl 1 2 or anti-Tl 1 3 mAbs 
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[Figure 1 E (1 and 2)] to T cells. However, when goat anti-mouse IgG was added 
[Figure IE (3)], the level of [Ca^i 

increased to 1 80% above baseline in the T cell sample. Furthermore, similar findings 
were demonstrated when Jurkat cells were assessed (data not shown). Collectively, 
these results strongly suggest that CD2 is a functional molecule on primary dendritic 
cells. 

Because CD2 ligation induced increased [Ca^Ji, the effect of CD2 ligation 
on primary dendritic cell surface antigen expression was investigated. 
Immunofluorescence analysis of HLA-DR and HLA-DQ expression revealed that 
both molecules were upregulated with anti-CD2 mAb pairs (Figure 2A-C). HLA-DR 
levels increased 2-fold while HLA-DQ levels increased 9-fold. This upregulation of 
class II molecules on primary dendritic cells was dependent on the simultaneous 
binding of CD2 by anti-Tl 1 2 and either anti-Tl 1 3 (Figure 2C) or anti-Tl 1 1 mAbs 
(data not shown), and did not occur with Tl 1 2 alone (Figure 2B) or on monocytes 
(data not shown). To determine whether transcription of HLA-DP and -DM genes 
was altered by CD2 ligation, equal numbers of primary dendritic cells were 
incubated with anti-Tl I3 (Figure 2D). Following 24 hours of incubation, cDNA was 
generated and PCR was performed on equal amounts of cDNA for HLA-DM, HLA- 
DP, and p-actin. Primary dendritic cells cultured in the presence of anti-Tl 1 3 mAb 
had higher levels of HLA-DM and HLA-DP mRNA than samples cultured in the 
presence of irrelevant antibody control and anti-Tl 1 2 mAbs. Thus, as seen with 
HLA-DR and -DQ surface expression, antiTlh also induced HLA-DP and -DM 
gene activation in primary dendritic cells (Figure 2D). These results provide further 
evidence that engagement of CD2 on primary dendritic cells increased class II 
molecule expression. 

Primary dendritic cells, primary monocytes and monocyte-derived dendritic 
cells were assessed for their expression of Class II antigens (HLA203 DR and HLA- 
DQ)., costimulatory antigens (CD40, CD80, and CD86), and adhesion molecules 
(CD50, CD54, and CD58) after 5 days of culture in 10% PHS. These cell surface 
antigens were expressed on no more than 12% of primary dendritic cells and 23% of 
primary monocytes (Figure 3 A), while they were found on greater than 96% of the 
monocyte-derived dendritic cells (Figure 3B). However, when primary dendritic 
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cells and primary monocytes were recultured in fresh medium for 24 hours, the 
expression of all of the abovementioned cell surface antigens discordantly increased 
(Figure 3C). Greater than 90% of the primary dendritic cells expressed CD50 and 
CDS 8 adhesion molecules, while minimal increases of other activation/maturation 

5 antigens and a decrease in cellular side scatter (a reflection of cellular activity) were 
noted (Figure 3C). In contrast, a much greater percentage of the above mentioned 
activation/maturation antigens were expressed by primary monocytes, and no 
significant change in cellular side scatter was noted (Figure 3C). Since the levels of 
some activation/maturation antigens on primary dendritic cells did not increase 

10 significantly after reculturing, all of the analyzed cell surface antigens on primary 
dendritic cells were reexamined after culture in the presence of irrelevant antibody 
control, or the anti-Tl l 2/3 mAb pair. The levels of HLA-DR and HLA-DQ expressed 
by primary dendritic cells cultured with the anti-Tl l 2 /3 pair increased 2-to 3-fold 
compared with control cultures (Figure 4A). The levels of costimulatory antigens 

15 CD40 and CD80 increased 2-to 3-fold respectively, while only the high expressing 
CD86 population increased by 65%. Greater than 96% of the control samples 
expressed CD50, but upon CD2 engagement the percent CD50 hl of the primary 
dendritic cells decreased from 96% to 76%, and their MFI decreased from 148 to 90 
(Figure 4 A). In contrast, the baseline levels of CD54 were low (14%), but increased 

20 almost 9-fold after culture with anti-CD2 pairs (Figure 4A). Even though not as 

hi 

dramatic as the increase in CD54 expression, the percentage of CD50 of the 
primary dendritic cells increased by 21% with an accompanying 53% increase in 
MFI. In addition, dendritic cell-specific antigens CD83 and CDla (Figure 4B) and 
CCR7 (Figure 4C) increased after CD2 engagement 9- and 2.5- fold, respectively. 

25 Collectively, these findings also correlate with the increase in cellular side scatter, 
and suggest that engagement of primaiy dendritic cells CD2 not only upregulates 
class II antigens, but also induces additional modifications in primaiy dendritic cell 
phenotypic properties associated with cellular activation/maturation. 

Since preliminary studies demonstrated that activation/maturation of primary 

30 dendritic cells by CD2 ligation influenced the expression of key cell surface markers 
that are intimately involved in T cell activation, the effects of CD2 ligation on the 
regulation of key innate and adaptive immune cytokines, IL-ip and IL-12, was 
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investigated. Both primary dendritic cells (Figure 5 A) and monocyte-derived 
dendritic cells (Figure 5B) were cultured in the presence or absence of anti-Tl \\ 
mAbs for 6 hours, 12 hours, 24 hours, 48 hours, and 72 hours. Control samples had 
no significant levels of IL-10 or IL-12, whereas anti-Tl li induced high levels of 

5 release of both cytokines by primary dendritic cells and monocyte-derived dendritic 
cells. Furthermore, anti-Tl 1 \ had a more pronounced effect on monocyte-derived 
dendritic cells than on primary dendritic cells, inducing the release of 75- and 100- 
fold higher levels of IL-1(3 and IL-12, respectively. 

Primary dendritic cells were cocultured in the presence of CHO-NEO or 

10 CHO-58 cells (Figure 6). When primary dendritic cells were cocultured with CHO- 
NEO (non-transfected) cells, the level of expression of HLA-DR did not increase 
over the level of expression with primary dendritic cells cultured alone. In contrast, 
when primary dendritic cells were cultured in the presence of CHO-58 cells, the 
level of HLA-DR increased >2.5-fold. As expected, no change in the expression of 

15 HLA-DR was noted on primary monocytes cocultured with either CHO cell 
population compared with primary monocytes cultured alone. 

The CD58-mediated induction of cytokine production was also investigated. 
Analysis of supernatants from primary dendritic cells and primary monocytes 
cocultured with CHO-NEO and CHO-58 revealed a 2-fold increase in IL-ip (Figure 

20 6G) and a 26-fold increase in IL-12 (Figure 6H) in the DC/CHO-58 cocultures 

compared with DC/CHO-NEO. In contrast to DC/CHO-58 cocultures, there was no 
significant increase in IL-1(3 or IL-12 levels in pMo/CHO-58 cocultures. No 
increase in IL-lp or EL- 12 was observed when dendritic cells were cocultured with 
CH058/K34A (data not shown), which possesses a single amino acid substitution in 

25 CD58 that prevents binding to CD2. These findings are consistent with previous 
Tl h-mAb pair results, and they further suggest that CD2 is a functional molecule 
on dendritic cells. 

Primary dendritic cells were pulsed with either anti-Tl 1 j mAb, which is 
known to block CD2-CD58 interaction, or anti-Tl 1 2 mAb, which is known not to 
30 interfere with CD2-CD58 engagement. Both cell populations were washed to 

remove residual mAb and cocultured with allogeneic CD4 naive T cells for 5 days. 
The anti-Tl l 2 -pulsed primary dendritic cells were>20 fold more efficient at naive 
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CD4 T cell activation than either pulsed monocyte population (Figure 7). When 
compared with anti-Tl 1 1 pulsed primary dendritic cells, anti-Tl \i pulsed primary 
dendritic cells were 2.5-fold more efficient at inducing T cell proliferation than 
either pulsed primary monocyte population (Figure 7). 
5 The following non-limiting examples further illustrate the present invention. 

EXAMPLE 1 

Isolation of Peripheral Blood Dendritic Cells and Monocytes. 
This example illustrates the enrichment of monocyte and dendritic cell 
populations from human peripheral blood. 

10 (a) Selection (I) of Myeloid Cells 

Leukocytes from a human peripheral blood sample were placed on a 
discontinuous Ficoll-gradient. Centrifugation separated the peripheral blood 
mononuclear cells (PBMCs) from the red blood cells. The PBMC population was 
suspended in a magnesium-free and calcium-free 2% Hanks 1 balanced salt solution 

15 (HBSS) at a concentration of 108 cells per ml. 20 pi of directly conjugated mouse 
anti-human magnetic beads (anti-CD3, anti-CD 1 6, anti-CD 1 9) (MACS 
superparamagnetic microbeads conjugated with monoclonal anti-human CD3, CD16 
or CD 19 antibodies, obtained from Miltenyi Biotec, Auburn, CA), was added so as 
to deplete the T cell, NK cell and B cell lymphocytes. This suspension was 

20 incubated for 30 minutes at 4°C and was then passed through a magnetic column 
(obtained from Miltenyi Biotec, Auburn, CA). The magnetic column subjected to 
the magnetic field retained the lymphocytes (T cells, NK cells and B cells) which 
were complexed with the antibody magnetic beads, and allowed elution of the 
antibody magnetic-bead-negative PBMCs (monocytes and dendritic cells). 

25 (b) Selection (I) of Monocytes and Dendritic Cells 

The eluted cells from (a) were resuspended and washed in a centrifuge with a 
magnesium-free 2% Hanks' balanced salt solution (HBSS) twice for 10 minutes at 
1200 rpms. To block Fc receptor non-specific binding of the Fc component, the 
washed cell population was resuspended in 10% human IgG-HBSS at 10 s cells per 

30 ml, and incubated for 30 minutes at 4°C. The addition of human IgG to the cell 
suspension blocks nonspecific interaction of the Fc component of the anti-CD2 
monoclonal antibody. Human myeloid cells express Fc receptor to most 
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immunoglobulins and most monoclonal antibodies used are of the IgG subtype. The 
human IgG will specifically bind human Fc receptor more than mouse, goat or calf 
immunoglobulins. The cell suspension was then washed twice to remove the 
unbound human IgG. Goat or rat anti-mouse magnetic beads (MACS 

5 superparamagnetic microbeadsconjugated with monoclonal anti-mouse IgG 

antibodies, obtained from Miltenyi Biotec, Auburn, CA, or from Dynal Corp., Lake 
Success, NY) were added at 100 jlx! per 10 9 cells. The cell suspension was then 
incubated for 30 minutes at 4°C and subsequently passed through a magnetic 
column (MACS) (obtained from Miltenyi Biotec). The CD2 expressing cells 

10 (dendritic cells) were retained by the magnetic beads subjected to a magnetic field as 
described above, while the CD2 negative cells (monocytes) passed through the 
magnetic field. The dendritic cells were eluted from the column by removing the 
column from the magnetic field and flushing with 4°C HBSS. 

The presence of dendritic cells was confirmed under light microscopic, 

15 immunofluorescent analysis and electron microscopic analysis. 

(c) Selection (II) of Myeloid Cells 

Peripheral blood mononuclear cells (PBMC) were isolated from 
anticoagulant treated blood by density centrifugation over Ficoll-Paque. The cells 
were resuspended in 300 jal of Buffer A: 2.5% Hanks (2.5% human serum, Mg** and 

20 Ca** free) per 1 x 10 8 cells total, and incubated for 15 minutes. A biotinylated 

antibody cocktail (CD3, CD19, CD16, CD56) was added to the preparation, agitated 
(mixed well), and incubated for 30 minutes at 4°C. After incubation, the cells were 
washed with buffer A and centrifuged at 300 x g for 10 minutes. The supernatant 
was decanted and the preparation was resuspended in Buffer B: 2% Hanks (2% 

25 pooled human serum, Mg 4 ^ and Ca* 4 " free). The washing was repeated and the pellet 
was resuspended in 900 jxl of 2% Hanks per 10 cells. 100 jil streptavidin microbeads 
per 10 s total cells (final volume of 1 ml per 10 8 total cells) was added, mixed well, 
and incubated for 30 minutes (15 minutes minimal) at 4°C. The cells were washed 
once as described above and resuspended in 1 ml of buffer per 10 total cells. 

30 A depletion column was placed in Vario MACS or Super MACs (obtained 

from Miltenyi Biotec, Auburn, CA) (see below). 
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Cell number Column type Flowresistor MAC separator 

uptolO 7 BS 22G VarioMACs 

Super MACs 

up to 2 x 10 s CS 21G VarioMACs 

5 Super MACs 

up to 1 0 9 D 20G Super MACs 

The column was filled and rinsed with 70% EtOH. The column was then 

rinsed twice with buffer B, and buffer A was added and incubated for 30 minutes at 

37°C. After incubation, buffer A was drained, the column was rinsed twice with 
10 buffer A, and attached to a flow resistor. The preparation (1 ml per 10 8 cells) was 

added on top of the depletion column and the preparation was allowed to seep into 

the matrix of the column. 

The column was washed with buffer and the eluted population which passed 

through the flow resistor was collected. This population represented the enriched 
15 myeloid population which contains both dendritic cells and monocytes. 

(d) Selection (II) of Monocytes and Dendritic Cells 

The non-magnetic fraction from (c) was washed and centrifuged at 300 x g 
for 10 minutes. The supernatant was decanted, and the pellet agitated. 100 jal anti- 
CD2 Mab (Tl 1 2 ) was added for a final of 200 pi, mixed well, and incubated at 4°C 

20 for 10 minutes. The cells were washed and centrifuged at 300 g x 10 minutes. The 
cell pellet was resuspended in 500 jutl buffer B. A RS+ column combined with the 
RS+ column adapter was placed in a Vario MACS or Super MACS separator. (Note: 
If a small number of PBMC is used, approximately 10 s PBMC, use a RS+ column 
combined with the RS+ column adapter in Vario MACS or Super MACS separator. 

25 Alternatively an MS+ column in a mini MACS separator can be used.) The previous 
column used to deplete lymphocytes can be used to positively select the dendritic 
cells after the lymphocytes have been removed. The enrichment procedure in step 
(c) was repeated to select the magnetic population which represented dendritic cells. 
The enriched myeloid population was added and the dendritic cell/monocyte 

30 population was allowed to seep into the matrix. This column was washed with 3 x 
500 jlxI with buffer A. After the wash was completed, the column was removed and 
buffer B was added to elute the magnetic fraction. The separation step was repeated 
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twice to increase the purity of the dendritic cells. The enriched monocyte population 
found in the eluted population had minimal dendritic cell contamination. 

EXAMPLE 2 

5 

This example illustrates a variation for enrichment of monocyte and dendritic 
cell populations from human peripheral blood. 

Prior to the lymphocyte depletion step (the Ficoll gradient step in Example 1 
used to separate granulocytes and red blood cells from blood mononuclear cells 

10 (PBMC)), PBMCs were separated into two density populations by discontinuous 
gradient, metrizamide (Sigma Chemical Corp., St. Louis, MO) or one Step 
(Accurate Chemical and Scientific Corp., Westbury, NY) centrifugation. This step 
separated the lymphocyte population (T cells, B cells, NK cells) from myeloid cells 
in bulk. The PBMCS, at a concentration of 10 7 cells per ml, were layered over 

15 3 ml of 14.5% metrizamide in a 15 ml conical tube, or were layered over 12.5 ml of 
14.5% metrizamide in a 50 ml conical tube. This cell suspension was spun at 1800 
rpm for 10 minutes at room temperature. Two cell populations were evident by light 
scatter, i.e., the pelleted population which represented the high density population 
and the buffy layer localized at the interface which represented the low density 

20 population. The two density populations were collected and washed twice with 

HBSS. The majority of the high density population represented T cells, B cells, NK 
cells and a small population of contaminating myeloid cells, while the low density 
population represented dendritic cells and monocytes with a small population of 
contaminating lymphocytes, primarily T cells with a smaller number of B cells and 

25 NK cells. 

The low density population was resuspended with HBSS. Human IgG was 
added and incubated for 15 minutes, and anti-CD2 (Til 2) was added and incubated 
for 30 minutes. The cells were washed, and positively selected with magnetic beads 
as described in Example 1 . 

30 

EXAMPLE 3 

This example illustrates another variation of the enrichment of monocyte and 
dendritic cell populations from human peripheral blood. 
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This method involves the direct enrichment of CD 14+ myeloid cells from 
blood, thus eliminating the need to use a second discontinuous gradient, 
metrizamide, to separate lymphocytes from myeloid cells. This method is very 
efficient and eliminates the need to deplete contaiminating lymphocytes in the 
5 myeloid population, because the red blood cells replace the magnetic beads, and 
lymphocyte or myeloid cell specific mAbs are attached to the red blood cells. These 
fractions wre separated by ficoll and a Stem Cell Technologies (SCT) myeloid 
enrichment kit. This step separated the red blood cells and lymphocyte population 
(T-cells, B-cells and NK cells) together from myeloid cells (CD 14+) in bulk. The 

10 SCT reagents are added to whole blood, at a concentration of 10 7 cells per ml, 

combined with a myeloid enrichment cocktail and layered over 12.5 ml of the ficoll 
in a 50 ml conical tube. This cell suspension was spun at 1800 rpm for 30 minutes at 
room temperature. Two cell populations were evident by light scatter, i.e. the 
pelleted population, which represented the red blood cell and lymphocyte 

15 population, and the bufffy layer localized at the interface repesenting a relatively 
pure population of CD14+ myeloid cells. The CD14+ population was resuspended 
with HBSS. Human IgG was added and incubated for 15 minutes, and anti-CD2 
(Tl 1 2 ) was added and incubated for 30 minutes. The cells were washed, and 
positively selected with magnetic beads as described in Example 1 . 

20 

EXAMPLE 4 

This example illustrates the co-isolation of CD4+ T cells or CD8+ T cells 
and dendritic cells for use in clinical adoptive immunotherapy or dendritic cell T cell 

25 vaccination procedures. Adoptive immunotherapy involves the expansion of 

antigen/pathogen-specific T cell clones which are injected back into the patient. This 
example demonstrates how modification of the above-described isolation method 
can rapidly enrich for both T cells and dendritic cells. 

The procedure involves the depletion of CD8+ T cells (or CD4+ T cells) 

30 (depending on which T cell population is desired), NK cells and B cells, by using 
anti-CD8 (or anti-CD4) 3 anti-CD 16, and anti-CD 19 magnetic beads (obtained from 
Miltenyi Biotec or Dynal Corp.) or any conventional subset enrichment. The 
remaining cell populations were CD4+ T cells (or CD4 and CD8+ T cells), dendritic 
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cells and monocytes. To enrich for a pure population of monocytes, anti-CD2 
mABs, along with anti-CD3 5 anti-CD 19 and anti-CD56 are used to remove T-cell, 
B-cell, dendritic cells and NK cells. 

5 EXAMPLE 5 

Dendritic Cell Population for Dendritic Cell-Based Vaccine in Human 
Patients. 

This example illustrates the isolation of dendritic cells for use in vaccines. 

10 Large numbers of peripheral blood mononuclear cells (PBMC) are collected by 
leukapheresis. (If only small volumes are required, the procedure described in 
Example 1 can be used). As described in Example 2 or Example 3, the PBMC 
enriched population is separated into low and high density populations with a 14.5% 
(wt/vol) metrizamide gradient. The low density population is cultured in 1 0% 

15 autologous human serum for 24 hours in a humidified incubator at 37°C 

supplemented with 10% CQ 2 . The high density population contains a smaller 
percentage of immature dendritic cells which undergoes similar treatment. Both 
these populations are exposed to 2 jag/ml vaccinating protein (i.e., tumor specific 
antigen, tetanus toxoid). After 24 hours of culturing, both populations are 

20 sequentially centrifuged through 15% and 14% (wt/vol) metriazamide gradient. This 
centrifugation step allows depletion of contaminating lymphocytes (i.e., removal of 
lymphocytes expressing CD3, CD8, CD20, and CD16 antigens). If the level of 
contamination by lymphoctyes is minimal by visual inspection, then depletion at this 
level is not necessary. The dendritic cells are immunoselected with anti-CD2 (Tl 1 2 ) 

25 monoclonal antibodies and are subsequently activated with the Tl 1 3 triggering 

antibody. This activated dendritic cell population is cultured again for 14-18 hours in 
media supplemented with protein of a 25-fold higher concentration (i.e., tumor 
antigen, HBsAg, tetanus toxoid). After completion of this culturing phase, the 
dendritic cells are resuspended in 100 ml of saline which contains 5% human serum 

30 albumin. This mixture is injected into the recipient. 

EXAMPLE 6 

Bone Marrow-Generated Dendritic Cells 
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This example illustrates the generation of dendritic cells from bone marrow, 
CD34+ PBMC are positively selected by immunobead selection as previously 
described. This CD34+ enriched population is cultured for 7-14 days in GM-CSF 
which induces the growth of the dendritic cell population. After a sizable number of 
5 dendritic cells are generated, they are handled in a similar fashion as the dendritic 
cells enriched from the peripheral blood described above. 

EXAMPLE 7 

Skin Dendritic Cell (Langerhan's) Enrichment 

10 This example illustrates the generation of dendritic cells from the skin. Skin 

is digested overnight at 4°C with dispase in 20% RPMI and antibiotics. Epidermis is 
separated and cultured in PBS supplemented with trypsin and deoxyribonuclease for 
15 minutes. The cellular suspension is washed and enriched for dendritic cells in a 
similar fashion as the dendritic cells enriched from peripheral blood described 

15 above. 

EXAMPLE 8 

Engagement of CD2 on Dendritic Cells induces Maturation and Release of 
20 Cytokines. 

This example illustrates that CD2 engagement on dendritic cells increases 
class II costimulatory (CD40, CD80 and CD86), and adhesion (CD54 and CD58) 
molecule expressoin on dendritic cells. 

Peripheral Blood Mononuclear Cells (PBMC) were isolated from buffy coats 

25 from healthy volunteers (Transfusion Therapy, Children's Hospital, Boston, MA) as 
previously described. The PBMC were layered over a 14.5% wt/vol discontinuous 
Metrizamide® gradient (Sigma Chemical Co., St. Louis, MO) and centrifuged 
(Sorvall RT6000, DuPont, Wilmington, DE) at 650 x g for 10 min to separate the 
PBMC into low (dendritic cells and primary monocytes) and high (T, B, and NK 

30 cells) density fractions. The low-density population was depleted of contaminating 
leukocytes with anti-CD3, anti-CD 19, and anti-CD56 

immunomagnetic beads (Miltenyi Biotech, Auburn, CA). This negatively selected 
population was > 98% CD14+ and negative for CD3+ T cells and CD56+ NK cells 
as determined by FACS analysis. These CD 14+ myeloid cells served as a source of 
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dendritic cells, primary mononuclear cells, and moncyte-derived dendritic cells. The 
dendritic cells were CD2-selected dendritic cells (-90% pure) and the primary 
mononuclear cells were obtained from the CD2-depleted 

eluate. CD3+ T cells were also negatively selected by depleting B cells, Mx, and NK 
5 cells from the high density population with anti-CD 14, anti-CD19, anti-CD56, and 
anti-HLA-DR immunomagnetic beads (Miltenyi Biolec Inc.). 

A previously described method was adapted to evaluate the triggering of 
Ca* 4 * flux (tCa^]i) by CD2 receptor crosslinking. In brief, 5 x 10 6 CD14+ Mx or 
CD3+ T cells were incubated with Indo-1 (10 yM) (Molecular Probes, Junction 

10 City, OR) in 1 ml of 1% PHS culture medium for 45 min at 37°C. Following 

incubation, samples were washed twice in warm RPMI, resuspended in 1% FCS, 
and incubated for an additional 30 min at 37°C. Changes in [Ca^i in Indo-1 -loaded 
samples were assessed with an EPICS V flow cytometer (Coulter, Hialeah, FL). The 
baseline levels were determined by measuring unstimulated Indo-l-loaded samples 

15 for 1 min, followed by sequential addition of anti-Tll 2 [101d-4C] (dilution 1:100)] 
and anti-Tll 3 [1 mono2A6 (dilution 1:100)] in 1% PHS. Goat anti-mouse IgG mAb 
(dilution 1:100) and the Ca** ionophore A23187 (5 nM)(Molecular Probes) were 
added to augment the response and serve as a positive control, respectively. 

After 36-120 hours of culture for CD 14+ Mx and 7 days of culture for 

20 monocyte-derived dendritic cells, cells were harvested and washed 3 times to 
remove dead cell debris and residual cytokines. After washing, the monocyte- 
derived dendritic cells and enriched primary dendritic cells and primary 
mononuclear cells were incubated at a concentration of 5 x 10 5 cells/ml in 10% PHS 
with mouse IgG and anti-Tl 1 2 (Control), anti-Tl li (SFCI3Pt2H9), and/or anti-Tl 1 3 . 

25 To detect cell surface Class II [HLA-DR and -DQ (Beckman Coulter, Fullerton, 

CA)], costimulatory (CD40, CD80, and CD86), adhesion (CD50, CD54, and CD58), 
and dendritic cell-specific (CDla and CD83) antigens, corresponding fluorescein- or 
phycoerj^hin-conjugated mAbs were used. Supernatants were collected and stored 
frozen at -20°C until tested. 

30 To assess Class II (HLA-DP and -DM) gene expression in dendritic cells, 

mRNA was extracted using Dynabead Oligo (dT)25 (Dynal, Great Neck, NY) from 
day 5-cultured primary dendritic cells (10 ) and primary monocytes (10 ) treated 
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with or without anti-Tl li or anti-Tl I3 mAbs for an additional 24 hours. The purified 
mRNA was incubated with MMLV reverse transcriptase (Promega, Madison, WI) 
and random hexanucleotide primers for 1 hour at 42°C. The resulting cDNA was 
amplified using AmpliTaq Gold (Applied Biosystems/Roche, Branchburg, NJ). 
5 Each 50 jlxI PGR reaction contained lx PCR Gold Buffer, 25mM MgCl 2 , 0.25 U 

AmpliTaq Gold, 200 |uM dNTP (Promega), and 500 ng cDNA in sterile water. Three 
PCR reactions were set up for each cDNA, and 20 pmol of primer pairs 
corresponding to HLA-DP (forward: 5 f -ACGGCGTTACTGATGGTGCTGCTC-3 T 
(SEQ ID NO: 1); reverse: 5 ! -TGAATGCIGCCTGGGTAGAAATCC-3 ' (SEQ ID 

10 NO:2)), HLA-DM (forward: 5 -AGATGACCTGCAAAACCAC AC3 1 (SEQ ID NO: 
3); reverse: 5 , -GGCCCAAATCClTCCACAG-3 ? (SEQ ID NO:4)), Beta-actin 
(forward: S'-CGACCACFITGTCAACT-S 1 (SEQ ID NO: 5); reverse: 5»- 
AGGGGTCTAC ATGGC AAC3 '(SEQ ID NO:6)) were used. Thermocycling 
conditions were denaturing for 1 min at 94°C, annealing for 30 seconds at 60°C, and 

15 extension for 1 min at 72°C for 30 cycles. After completion, an additional extension 
for 10 min at 72°C was performed. The PCR products were separated by 
electrophoresis on 2% agarose gels (FMC Bioproducts, Rockland, ME). 

Supernatants were harvested from culture samples and assayed for EL-1 (3 and 
IL-12 cytokines by ELISA. Ultrasensitive kits were used according to the 

20 manufacturer's instructions (Biosource Intl., Carnarillo, CA). The lower limits of 
detection for the IL-12 and IL-1 p kits were 0.8 pg/ml and 0. 12 pg/ml, respectively. 

Untransfected Chinese hamster ovary (CHO-NEO) or CHO cells transfected 
with and expressing CD58 (CHO-58) (Dana-Farber Cancer institute, Boston, MA) 
were constructed as described by Arulanandam et aL, Proc. Natl Acad. ScL U.S.A., 

25 90, pages 11613-11617 (1993); Arulanandam et aL, J. Exp. Med, 180, pages 1861- 
1871 (1994). Untransfected and transfected CHO were cultured in DMEM (Gibco 
BRL) supplemented with 10% FCS (Cellgro), F12 nutrient mixture (Gibco BRL), 
and 1 % HEPES, 1 % penicillin-streptomycin, 1 % glutamine and 0.5 g/ml of G418 
(Gibco BRL). Primary dendritic cells and primary monocytes (2 x 10 ) were spread 

30 over the CHO monolayer and cultured for 24 hours in 6-well tissue culture plates. 

Primary dendritic cells and primary monocytes were isolated as previously 
described. Enriched populations were cultured in the presence of blocking buffer, 
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which prevents non-specific binding of mAbs, for 30 min at 4°C and pulsed with 
either anti-Tl li or anti-Tl 1 2 mAbs for an additional 30 min at 4°C. Following this 
incubation, samples were washed to remove residual mAbs and resuspended in 10% 
PHS culture medium. Each preparation (10 4 ) of primary dendritic cells and primary 
5 monocytes was cocultured with alloreactive CD4 CD45RA nai've T cells (10 ) in a 
96-well round bottom plate for 120 hours. Sixteen hours prior to the completion of 
the assay, [ 3 H]thymidine was added to the cultures to assess the level of naive T cell 
proliferation. 

Unpaired Student's t test was used for analysis of statistical significance. 
10 Values of p < 0.05 were considered statistically significant. 

EXAMPLE 9 

This example illustrates the generation of fused dendritic cells from 
substantially pure cultures of dendritic cells. This example also illustrates the 

15 generation of fused dendritic cells from a mixture of monocytes and dendritic cells, 
wherein fused dendritic cells are purified from the mixture. 

To produce fused dendritic cells from substantially pure cultures of dendritic 
cells, substantially pure cultures of dendritic cells are prepared as described above, 
and fused with cancer cells, e.g., adenocarcinoma cells. The dendritic cells and the 

20 cancer cells are added together, and the dendritic cell-cancer cell fusion is carried 
out with 50% PEG in Dulbecco ? s PBS without Ca** or MG 44 at pH 7.4. Fused cells 
are then plated in 24-well culture plates and cultured in the presence of HAT 
medium for 10-14 days. Because non-fused cells will grow firmly attached to the 
tissue culture flask and fused cells will be more easily removed, fused cells 

25 can be initially separated from non-fused cells by gentle pipetting. Where it is 

desirable to use substantially pure cultures of myeloid cells as the starting material 
(as opposed to substantial^ pure cultures of dendritic cells), fused dendritic cells are 
purified from other fused or non-fused myeloid cells via selection using the CD2 or 
CD5 antigen, as described above. 

30 A number of embodiments of the invention have been described. 

Nevertheless, it will be understood that various modifications may be made without 
departing from the spirit and scope of the invention. Accordingly, other 
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embodiments are within the scope of the following claims. Those skilled in the art 
will be able to ascertain, using no more than routine experimentation, many 
equivalents of the specific embodiments of the invention described herein. These 
and all other equivalents are intended to be encompassed by the following claims. 
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Claims: 

5 1 . A method for preparing a substantially pure population of monocytes 
comprising: 

providing a population of myeloid cells from a mammal, said population 
comprising monocytes and dendritic cells, 

separating the dendritic cells from the cell population, and 
10 obtaining a purified and isolated subpopulation of monocytes. 

2. The method of claim 1 wherein the dendritic cells are separated from the cell 
population using anti-CD2 antibodies to form a dendritic cell complex. 

15 3. The method of claim 2 wherein the anti-CD2 antibodies are selected from the 
group consisting of anti-Til i, anti-Tll 2 , anti-Tl,l 3 antibodies, and bioengineered 
antibodies. 

4. The method of claim 1 wherein the myeloid cells are obtained from a 
20 population of mononuclear cells comprising myeloid cells and lymphocytes, by 

removing the lymphocytes from the mononuclear cell population. 

5. The method of claim 4 wherein the lymphocytes are selected from the group 
consisting of T cells, NK cells, B cells, and mixtures thereof. 

25 

6. The method of claim 4 wherein mononuclear cells are obtained from 
peripheral blood or tissue. 

7. A substantially purified population of mammalian dendritic cells wherein 
30 said dendritic cells express antigen CD14 and antigen CD2. 

8. The substantially purified cell population of claim 7 wherein the CD2 is 
ligated with an anti-CD2 antibody pair. 
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9. The purified cell population of claim 8 wherein the anti-CD2 antibody binds 
to at least one of the major extracellular regions of the CD2 molecule. 

10. The purified cell population of claim 9 wherein the antibodies are 
5 crosslinked. 

1 1 . The purified cell population of claim 7 wherein the dendritic cells are fused 
with cancer cells to form a substantially pure population of hybrid dendritic cells 
injected or pulsed with whole protein, peptide, mRNA or DNA. 

10 

12. A substantially purified population of mammalian monocytes. 

13. A vaccine composition for treating cancer or an autoimmune disease in a 
mammal, comprising a therapeutically effective amount of substantially purified 

15 dendritic cells wherein said dendritic cells express antigen CD 14 and antigen CD2. 

14. The vaccine composition of claim 13 wherein said dendritic cells are 
activated by ligation with at least two anti-CD2 antibody pairs to stimulate the 
production of IL-12 in vivo in the mammal. 

20 

15. The purified cell population of claim 14 wherein the anti-CD2 antibody is 
selected from the group consisting of Tl 1 \ 9 Tl 1 2 and Tl 1 3 region antibodies. 

16. The vaccine composition of claim 13 wherein the dendritic cells are treated 
25 with a cancer-specific antigen or DNA so as to stimulate host immunity to the 

cancer when said vaccine composition is administered to a mammal. 

17. The vaccine composition of claim 13 which is targetted to specific tissue or 
organs in said mammal. 

30 

18. The vaccine of claim 17 wherein the dendritic cells are fused with cancer 
cells. 
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19. Hie vaccine of claim 13 wherein the cancer is selected from the group 
consisting of lymphoma, breast cancer, prostate cancer, ovarian cancer, lung cancer, 
liver cancer, colon cancer and melanoma. 

20. The vaccine composition of claim 13 further comprising a pharmaceutically 
5 acceptable carrier. 

21. The vaccine composition of claim 20 further comprising an adjuvant. 

22. A method for treating a mammal for cancer comprising: 
providing a mammal in need of treatment for cancer; 

10 providing a vaccine composition comprising a therapeutically effective 

amount of dendritic cells wherein said dendritic cells express antigen CD 14 and 
antigen CD2; and 

administering said vaccine composition to said mammal such that treatment 
of the cancer occurs. 

15 

23 . A method for treating a mammal for an autoimmune disease comprising: 
providing a mammal in need of treatment for an autoimmune disease; 
providing a vaccine composition comprising a therapeuticaly effetcive 

amount of dendritic cells, wherein said dendritic cells express antigen CD 14 and not 
20 CD2 antigen; and 

administering said vaccine composition to said mammal such that treatment 
of the autoimmune disease occurs. 

24. A vaccine composition for preventing organ transplant rejection in a 

25 mammal by neutralizing reactive T-cells, comprising a therapeutically effective 
amount of substantially purified monocyte cells. 

25. The vaccine of claim 24 wherein the organ is selected from the group 
consisting of kidney, liver, heart and lung. 

30 
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26. The vaccine of claim 24 which, upon administration to a mammal, results in 
the suppression of T cell activity. 

27. A method for stimulating the production of IL-12 in vivo in a mammal 

5 comprising administering a population of substantially purified dendritic cells to the 
mammal, said dendritic cells expressing CD 14 and CD2 antigens, wherein said 
dendritic cells have been activated by ligation with at least one anti-CD2 antibody. 

28. A method for preparing a substantially purified population of dendritic cells 
10 from peripheral blood comprising: 

providing a sample of peripheral blood; 

separating the leukocytes from the red blood cells in said sample; and 
separating the dendritic cells from the leukocytes. 

15 29. The method of claim 28 wherein the dendritic cells are separated from the 
leukocytes using a flow cytomer having the ability to sort cells based on their 
relative size, granularity and fluorescent intensity. 

30. Substantially purified dendritic cells obtained according to the method of 
20 claim 28. 

31. A vaccine composition formulated from the substantially purified dendritic 
cells of claim 30. 
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